Comparative examination of a large sample of plant species can reveal important aspects of life history that infl uence the ecology and distribution of taxa and their vulnerability to local extinction. We investigated whether functional groups of 71 rare plant species with contrasting life history traits differed in terms of population losses over time, regional range contraction, and rangewide levels of imperilment. Using town-level occurrence data from herbaria and Natural Heritage Program databases, we characterized species ' extents of occurrence as α -hulls encompassing the centroids of New England towns that contained well-documented populations of these rare taxa. Family affi liation was used as a covariate in analyses to reduce phylogenetic bias. Disparate functional groups of plants differed both in proportions of populations lost and declines in range areas over time, with insect-pollinated taxa, upland (vs. wetland) taxa, species with localized seed dispersal modes, and taxa reaching their northern range boundary in New England signifi cantly more imperiled than other functional groups. These techniques permit a broad comparative assessment of the distribution of large numbers of plant taxa, so that we can identify several functional groups that warrant more concerted conservation attention.
Plant ecologists have long theorized that the distribution and abundance of plants result in part from critical aspects of plant life history, such as dispersal capacity, pollination syndrome, and annual or perennial life span. Many studies have compared and contrasted rare and common species to understand whether particular traits tend to predispose plants toward rarity ( Harper, 1979 ; Kelly and Woodward, 1996 ; Kunin and Gaston, 1997 ; Hegde and Ellstrand, 1999 ; Cadotte and Lovett-Doust, 2002 ; Murray et al., 2002 ) . Given that a large proportion of the world ' s fl ora is in decline ( Pitman and Jorgensen, 2002 ) , it is critical to document the current status, distribution, and ecological traits of rare plant species to design effi cient, large-scale conservation strategies that successfully target the most extinction-prone taxa and that potentially protect several species at once.
Species can be ranked quantitatively in terms of imperilment based on the proportion of the total number of constituent populations that have declined or disappeared over time. Data on the locations and temporal dynamics of rare plant populations frequently come from herbarium collections and information gathered during targeted botanical forays ( Shaffer et al., 1998 ) .
These voucher or atlas data are often incomplete, however, and yield imprecise information on localities and population vigor. This vagueness can impede efforts to relocate historical populations and to ascertain whether populations are truly extinct or merely undetected. The quality and intensity of data collection and maintenance also vary across state and national boundaries, complicating the task of conducting regional or rangewide analyses ( Rodrigues and Gaston, 2002 ) . Likewise, botanical sampling can be biased toward known " hotspots " of biotic diversity or toward easily accessible areas near human population centers, and the intensity of botanical sampling can vary through time (Shaffer et al., 1998; Kadmon et al., 2004 ; Rich, 2006 ; Pautasso and McKinney, 2007 ) . For most rare species, only scarce data are made publicly available; these are mostly in atlas form and refl ect imperfect, sporadic, and spatially biased sampling that describes ranges only in a coarse-grained way.
However, spatial data analyzed with new statistical techniques and geographic information systems (GIS) can be used to assess and account for bias in historical sampling that is evident in museum and herbarium collections ( Ponder et al., 2001 ; Stockwell and Peterson, 2002 ; Rich and Karran, 2006 ) . Applying three statistical approaches adapted from Bayesian analysis and building on methods of Solow (1993) , Burgman et al. (1995) , McCarthy (1998) , and Ungricht et al. (2005) , we have previously assessed the level of uncertainty inherent in predicting whether historically documented wild populations ( " occurrences " sensu NatureServe, 2007 ) of rare plant species are still extant in New England of the United States ( Farnsworth and Ogurcak, 2006 ) . Using these techniques, we have been able to identify and focus on a subset of 71 phylogenetically diverse species appropriate for reliably characterizing changes in the estimated distribution of occurrences over time.
Here, we compare the present biogeographic distribution of confi rmed, extant occurrences to the distribution of " historic " occurrences (those not relocated since 1975, despite searches; Brumback et al., 1996 ) for each of these 71 species. The current study is one of only a few that have focused exclusively on rare species to determine if life history traits infl uence levels of 1 Manuscript received 13 January 2008; revision accepted 28 May 2008. [Vol. 95 imperilment ( Rabinowitz et al., 1989 ; Lahti et al., 1991 ; Quinn et al., 1994 ; Thompson and Hodgson, 1996; Pocock et al., 2006 ) . In contrast with prior studies, in which rarity has been inferred from a static measure of current range size, we investigate dynamic information on range contraction and numbers of populations lost over time.
Having access to this large sample of rare species enables us to detect commonalities in degree of rarity and causes for decline among species that are members of particular " functional groups " (sensu Gitay and Noble, 1997 ) based on apparent habitat affi nities and life history characteristics. We subdivide our sample of 71 species into eight categories of ecological groupings based on aspects of life history, habitat affi nity, and the spatial position of their range boundary relative to New England. The life history traits by which we chose to classify species are characters that have been shown previously to correlate with rarity (e.g., Kunin and Gaston, 1997 ; Pocock et al., 2006 ) and for which we have reliable data: pollination syndrome, dependency on species-specifi c symbioses, capacity for clonal as well as sexual reproduction, potential distance of seed dispersal, specialization on wetland vs. upland habitats, affi nity for circumneutral substrates, tendency to occur in early-successional or disturbance-prone sites, and the position of the species ' range relative to the New England region. Using group-based comparisons, we test the hypothesis that species sharing particular ecological characteristics have undergone similar types of range shifts over time due to similar ecological constraints that determine their vulnerability to local extinction.
MATERIALS AND METHODS
The species -We analyzed 71 species ( Table 1 ) for which we had unbiased presence/absence data ( Farnsworth and Ogurcak, 2006 ) and for which a detailed, peer-reviewed Conservation and Research Plan had been published by the New England Wild Flower Society between 2001 ( Farnsworth, 2003 . The taxa selected for conservation planning were chosen from the full group of 479 taxa identifi ed in the Flora Conservanda: New England ( Brumback et al., 1996 ) as either " State-Endangered/Threatened " (337 taxa) or " Regionally Rare " (recorded from < 20 towns in New England and/or statelisted as " Special Concern " using NatureServe [2007 ] rarity criteria). Species were selected for concerted conservation planning based on several criteria, including the breadth of taxonomic representation, the absence of other plans such as U. S. Fish and Wildlife Service Endangered Species Recovery Plans already addressing them, the availability of knowledgeable botanists to assess the status of occurrences, and unambiguous evidence of the taxon ' s rarity in the region. The state ranks of these taxa had not changed signifi cantly in the decade since the Flora Conservanda was published; over half of the 44 changes -of 223 possible over the 71 species -involved upgraded rarity ranks (i.e., from Special Concern status to Endangered), and no taxa were delisted. Indeed, the up-to-date data provided in the Conservation and Research Plans have been used to inform state endangerment ranks since 1996.
Although they were ranked as rare in New England, some of these taxa were more secure (ranked S5 by NatureServe) in other sectors of their North American range, particularly in the midwestern and Appalachian states and Ontario, Canada. On the other hand, the taxa had been recorded as extirpated (ranked as of 2006 as SX or SH using NatureServe [2007 ] criteria) in a mean of 8.2% of their total range or listed as critically imperiled (S1 or S2) in an average of 33.7 percent of their total range.
The 71 taxa spanned 35 plant families and comprised a representative subsample of the 479 Flora Conservanda taxa. Twenty-eight families (80%) contained only one or two species, indicating a fairly even distribution of taxa. The most speciose families analyzed included the Cyperaceae (with 10 species), the Asteraceae (7 spp.), and the Orchidaceae (7 spp.), broadly refl ecting the distribution of species within families across all New England taxa. The distribution of the number of species per family in this subset of 71 taxa closely paralleled the number of species per family in the entire set of 479 Flora Conservanda taxa (regression of species/family of the Conservation Plan subset on the total set; r 2 = 0.809; P < 0.001). To account for bias in the model due to phylogenetic relatedness, we entered the family level affi liation of each species as a factor in all analyses ( Harvey and Pagel, 1993 ; see Statistical analyses section).
Classifying species into functional groups -We assembled trait and habitat information for each species from data in each Conservation and Research Plan, Natural Heritage element occurrence records, and the National PLANTS Database (USDA, NRCS, 2007) . We then assigned each species to contrasting functional groups ( Table 1 ). The fi rst two traits we examined, pollination syndrome and dependency on species-specifi c symbioses, refl ected the dependence of a particular plant species on other species needed to facilitate establishment, survival, and reproduction.
Pollination syndrome -We hypothesized that species dependent upon insect pollination would be more vulnerable to local extinction than wind-or self-pollinated species, given the fact that declines in plant species often parallel declines in pollinators ( Biesmeijer et al., 2006 ; National Research Council, 2007 ) and that invasive plant species are increasingly disrupting reproductive mutualisms ( Traveset and Richardson, 2006 ) . Likewise, competition for pollinators appears to be intensifying in plant diversity " hotspots " ( Vamosi et al., 2006 ) and concentrations of rare plants in New England also cluster in increasingly spatially isolated hotspots ( Farnsworth and Ogurcak, 2006 ) . Pollination syndromes were classifi ed as " I " for insect-pollinated species (68%) and " W " for wind/ water-pollinated or cleistogamous species (32%), based on fl ower morphology and/or observations of pollinator behavior in the fi eld.
Dependency on species-specifi c symbioses -We posited that disruption of mutualisms caused by declines in mycorrhizal species (due to air pollution or substrate disturbance; Arnolds, 1991 ) , host plants (for rare hemiparasites), and nodulating bacteria would place obligate mutualists at more risk than nonmutualist species. Species dependent upon symbioses with mycorrhizae, nodulating bacteria, or hemiparasitic relationships with host plants were designated " Y " for symbiotic interactions (primarily members of the Orchidaceae, Fabaceae, and Orobanchaceae; 18%); those without such interactions were termed " N " for nonspecialists (82%).
We next investigated characters that indicate the reproductive and dispersal fl exibility of the taxa.
Capacity for clonal as well as sexual reproduction -We predicted that plant taxa capable of both clonal and sexual reproduction would lose fewer populations over time than species dependent solely on sexual reproduction because they can propagate fl exibly when either pollinators or habitat are limiting. Species that reproduced by runners and rhizomes were given a score of " 1 " for clonality (35%); those with short vegetative buds were scored as " 0.5 " for intermediate clonality (19%), and those incapable of vegetative reproduction were scored as " 0 " (46%).
Potential seed dispersal distance -We hypothesized that species with seeds capable of dispersing long distances would maintain larger numbers of populations over time, given that long-distance dispersers tend to be more widespread than locally dispersed species ( Kelly and Woodward, 1996 ; Gaston, 2003 ) . We characterized dispersal strategy based on direct examination of seed morphology (for example, the presence of specialized structures to encourage animal dispersal) and information from existing literature on each species. Taxa with seeds dispersed by animals, wind, or water were categorized as " W " (for " widely dispersed " ; 69%), while species with seeds dispersing by gravity or insects less than 1 m from the parent plant were designated " L " (for " local " ; 31%).
We also categorized species based on their apparent habitat specialization, reasoning that congenitally " picky " species (sensu Rosenzweig and Lomolino, 1997 ) would be more likely to lose populations when their narrow habitats are annihilated ( Pocock et al., 2006 ) .
Wetland vs. upland specialists -Millions of hectares of wetlands have been permanently drained, converted, or destroyed over the past century (Bedford, 1999; Dahl, 2000 ) , whereas upland habitats have undergone clearing but have rapidly afforested in the past century in the northeast United States ( Hall et al., 2002 ) . Thus, we expected that obligate or facultative wetland species, specializing on periodically inundated habitats, would decline more dramatically than would primarily terrestrial species. Categories of wetland status, determined from the U. S. Fish and Wildlife Service wetland indicator status (USDA, were ranked as " Extirpated " ( " X " ) if they were judged to have poor prospects for being rediscovered due to destruction of existing habitat at a given site.
During 2001 -2003, the Herbarium Recovery Project of the New England Wild Flower Society reviewed over 16 800 herbarium records from 42 major and minor herbaria in New England to confi rm and update taxonomic identifications, to catalogue information on locations of 532 species of rare or poorly known plant species, and to collate this information with Natural Heritage records ( Haines, 2003 ) . This process signifi cantly improved the accuracy of data on historical collections of plant populations and pinpointed taxa for which collections were scant or frequently misidentifi ed. The project also demonstrated that temporal patterns of collection had been nearly identical in all six New England states (0.616 < r < 0.965, correlations among states of collections per decade from 1820 to 2000), indicating minimal spatial bias in sampling intensity over the history of botanical collection in the region.
Calculating probabilities of pseudoabsence -If sampling is imperfect and we erroneously consider populations to be " historical " when, in fact, we simply have not detected them, we refer to these populations as pseudoabsent (sensu Engler et al. [2004] ). It is possible to overestimate the loss of populations if one simply subtracts the number of confi rmed extant occurrences from the total number of observations of extant plus all presumed historical populations, when a proportion of the latter are actually pseudoabsent and should be treated as extant. Therefore, we took two steps to estimate more conservatively the maximum number of pseudoabsent occurrences (see methods of Farnsworth and Ogurcak [2006] ). First, using the partial Solow equation ( Solow, 1993 ; Burgman et al., 1995 ) , we calculated the probability that each occurrence labeled as historical by Natural Heritage Programs was, in fact, pseudoabsent. The partial Solow equation estimates the probability that a taxon is still extant, based on an analysis of the frequency of museum or herbarium records collected between the fi rst and most recent observations of a species, accounting for uneven collection effort over time. A high probability of extinction is inferred if collections are highly overdue relative to past collection patterns ( McCarthy, 1998 ; Ungricht et al., 2005 ) . While the partial Solow equation has typically been applied to estimate extinction probability of taxa, we used it to assess the probability of detecting a particular occurrence of a taxon given a known run of collection effort for the taxon as a whole in New England. This method enabled us to estimate the probability of any given historical occurrence being rediscovered eventually. For the 71 taxa examined here, the mean probability of relocating a historical population (that is, the probability that a so-called historical occurrence was actually pseudoabsent) was 0.17 ± 0.01 SE ( Farnsworth and Ogurcak, 2006 ) . Interestingly, Solow correction factors did not differ signifi cantly among particular plant families (ANOVA; F 33,37 = 1.39; P = 0.162), indicating little taxonomic bias in prior collection or the probability of rediscovering occurrences. The Solow correction factors computed for each species were then multiplied by the total subset of occurrences ranked as historical or extirpated by Natural Heritage Programs. We then added the resulting rounded number to the number of populations confi rmed as extant from actual fi eld surveys. Next, we lumped historical records that could not unambiguously be designated as distinct populations, either from each other or from known extant occurrences. This step eliminated an average of 15.3% ± 0.02 SD of historical populations from consideration. After applying these two methods, we used the resulting conservative fi gure to estimate the total number of potentially extant occurrences for each species.
Estimating range areas -Town-level occurrences were mapped in Arc-GIS 8.3 software ( ESRI, 2002 ) as centroids -point data given in Universal Transverse Mercator (UTM) coordinates -that corresponded to the center of mass of a polygon inscribing each town boundary. Next, a range-wide polygon corresponding to the α -hull of the town centroid distribution ( Burgman and Fox, 2003 ) was drawn to encompass all the town-level centroids that had positive occurrences of a particular taxon. Separate α -hull polygons were developed to characterize the distributions of extant and historical populations for each species. Each polygon was constructed using a script in the program S-Plus (S-Plus 2000 Professional Release 3.0, Insightful Corp., Seattle, Washington, USA) kindly provided by M. A. Burgman and J. Fox. Alpha-hulls are a form of minimum convex hull ( IUCN, 2001 ) , which itself is the smallest polygon that contains all occurrence points in which no internal angle exceeds 180 degrees (Burgman and Fox, 2003) . A Delauney triangulation is created by drawing lines between all points, subject to the constraint that lines do not intersect. An average line length is then calculated, indicating a mean distance among occurrences; lines longer than a value of α multiplied by this average length are deleted from the triangulation, thus eliminating NRCS, 2007), were labeled " W " for species classifi ed as facultative (FACW) or obligate (OBLW) wetland specialists (52% of the 71 species) and " U " for facultative (FACU) or obligate (OBLU) upland species (48%).
Affi nity for circumneutral substrates -A number of species listed as rare in New England are specialists on calcium-or magnesium-rich bedrock substrates. This bedrock type occupies a restricted belt on the western fringe of the region, and calciphilic natural communities are considered rare ( Motzkin, 1994 ; Anderson et al., 1999 ) . Lahti et al. (1991) found that specialization on particular edaphic substrates such as calcareous bedrock tended to be associated with plant rarity. Thus, we hypothesized that species constrained to these relatively uncommon habitats (e.g., calcareous glades and fens) would be more vulnerable to decline than nonspecialists. Species designated as calciphiles ( " C " ; 49%) had the majority of their populations described from circumneutral substrates (bedrock or soils), whereas nonspecialists ( " N " ) occupied a wider range of bedrock types (51%).
Early-successional species -Based on data from rare grassland plants ( Farnsworth, 2007 ) , we expected that species dependent on some forms of disturbance that reduce competition with later-successional species -such as fl ooding, fi re, or gap formation -would undergo larger declines in New England, where many natural disturbance regimes have been suppressed in densely populated zones. Species classifi ed as disturbance-dependent ( " D " ; 41%) had the majority of their populations in early-successional habitats (such as open fi elds, forest gaps, or roadside verges) or habitats subject to frequent disturbance (such as tidal wetlands or fl oodplains); successionally neutral species ( " N " ; 59%) occurred in multiple habitat types, from full shade to open sun.
Position of species ' range relative to New England states -Outlying populations occupy marginal habitats and may be subject to more stochastic variability in numbers and higher probabilities of extinction than populations at the heart of a species ' range. We compared species reaching the margin of their ranges with those for which New England formed the heart of the range. We tested the null hypothesis that rare species reaching either their northern or southern range boundary in New England would not lose more populations than species for which this region represents the center of their range. Species were classifi ed by inspecting global range maps ( NatureServe, 2007 ) as follows: southern ( " S " ) species (38%) reaching the northern edge of their range in New England; central ( " C " ) species (39%) in the heart of their range in New England; and northern ( " N " ) species (23%) reaching the southern edge of their range in New England.
These eight categorization schemes obviously represented only a subset of the possible functional groupings into which these species could be classifi ed. Previous authors, for example, found correlations between rarity status and other life-history traits such as self-incompatibility, seed size, capacity for seed dormancy, and annual vs. perennial lifespan (e.g., Kelly and Woodward, 1996 ; Kunin and Gaston, 1997 ; Hegde and Ellstrand, 1999 ; Cadotte and LovettDoust, 2002 ; Farnsworth, 2007 ) . However, the highly uneven distribution of these latter character states among the 71 taxa studied here would have resulted in unbalanced sample sizes for comparison, and it was not possible to determine self-compatibility or seed dormancy status with certainty across all species. Thus, the eight functional groupings were the primary ones to which we could assign species with confi dence.
These eight comparisons represented independent contrasts. That is, trait states were largely uncorrelated with each other and χ 2 statistics did not indicate signifi cant differences in the shape of the frequency distribution for other guild affi liation among members of contrasting guild types. However, in two cases, traits were disproportionately associated with each other: 95% of wind-or selfpollinated species had long-distance seed dispersal, and 92% of plant species with known mutualisms also had insect-pollinated fl owers. However, statistical trends were not consistent among these functional groups, suggesting that the traits were largely independent in their effects on plant rarity.
Data on species ' occurrences -Data on each extant and historic occurrence of each species were made available by the Natural Heritage Programs of all six New England states for the purposes of the Conservation and Research Plan project. All occurrences documented as extant by Natural Heritage Programs were visited and confi rmed by Conservation Plan authors at the time of writing or had been observed by New England Plant Conservation Program (NEPCoP) volunteers during the past 10 years. Natural Heritage Programs designated as " Historic " ( " H " ) those occurrences for which targeted searches had been conducted but had not been observed since 1975; additional searches for some of these populations took place during the conservation planning period. Occurrences 
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central, and northern range margins and those with contrasting levels of clonal reproduction. Data were analyzed using S-Plus 2000 Professional Release 3.0 and plotted using SigmaPlot 2001 for Windows, version 7.101 (SPSS, Chicago, Illinois, USA). The resulting P values were interpreted subject to a Bonferroni correction for multiple comparisons, with α = 0.006.
RESULTS
All species lost populations in New England over time ( Fig.  1 ; see grand mean line showing a 44.5% loss of populations overall). For the most part, functional groups did not differ signifi cantly in initial numbers of historic populations, except for upland species, which were recorded from a larger number of populations in the past than wetland species ( Table 2 ) .
Similarly, the mean extant range area per species was significantly smaller than the historical range area ( Fig. 2 ; see grand mean line showing a 40.7% loss of range area relative to the historic range). Only a small subset of species ' ranges had apparently expanded, largely due to recent discoveries related to fi eld investigations during the conservation planning period ( Mimulus moschatus , Scirpus longii , Populus heterophylla , and Valeriana uliginosa ). The average area of the extant range per species was 13 111 km 2 ( Fig. 3 ; see grand mean line), whereas the historic range had covered an average of 24 845 km 2 , representing an overall loss of 47% of range area across both expanding and declining species. large empty areas of likely unsuitable " habitat " among distance occurrences. For example, lines connecting distant endpoints on a horseshoe-shaped point distribution would be deleted, yielding a more accurate representation of the range area than a coarse-grained rectangle. For the purposes of estimation here, lines were deleted when the edge length of a Delauney triangle was more than three times the average edge length of all triangles ( Burgman and Fox, 2003 ) . The areas of these α -hull polygons, the sum of all remaining triangles, more conservatively estimate a species ' range than do conventional minimum convex polygons (e.g., Kaluzny et al., 1996 ) . Occasionally, this method can exclude outlying occurrences and thus underestimate a range ( Getz and Wilmers, 2004 ) ; however, by visually inspecting the overlap of the estimated α -hull with the centroids of known occurrences for each species, we found that this was not the case with the taxa we studied. Because such polygons obviously overestimated the actual land area occupied by each species (populations did not occupy all points in space and habitat-specifi c information was insuffi cient to refi ne the exact range boundaries), they served as relative rather than absolute proxy measures for comparing extant and historical ranges ( " areas of extent " sensu Gaston [2003] ) within taxa.
Statistical analyses -All variables (Solow-corrected proportion of occurrences lost over time, proportion of historic range area lost, and area of extant range) were normally distributed and as such were analyzed using fi xed-factor analyses of variance testing effects of functional group affi liation. Taxonomic family was entered as a factor in the model to estimate the contribution of phylogenetic relatedness among species to the variance. To account for the effects of starting (historic) range size, we included this variable as a covariate in ANCOVAs testing whether contrasting functional groups differed in the proportion of range area lost. Similarly, we incorporated the initial (historic) number of populations as a covariate in ANCOVAs comparing proportions of all populations lost over time among functional groups. Scheff é posthoc multiple comparisons were made among the three groups of taxa reaching their southern, 
Rydb. Species of early-successional habitats vs. nonspecialistsSpecies with affi nities for disturbance-prone or early-successional habitats did not differ signifi cantly from nonspecialists in terms of proportions of populations lost, extant range area in New England, or the proportion of their range area lost over time than nonspecialists inhabiting a range of successional environments ( Table 2 ).
Species at their range margins in New England -" Southern " species (namely, those reaching their northern range boundary in New England) had lost signifi cantly more populations than " northern " species and those " central " taxa for which New England falls in the heart of their range ( Fig. 1 ) . Historic numbers of populations had originally been similar among southern and central taxa and larger than those of northern taxa ( Table 2 ) . Southern species lost marginally more range area over time than either northern or central species, while the last two groups did not differ from each other ( Fig. 2 ) . The extent of occurrence of extant populations in New England was also somewhat smaller among southern species than the areas of either northern or central taxa ( Fig. 3 , Table 2 ).
DISCUSSION
This biogeographic analysis of a large sample of taxa classifi ed as regionally rare in New England has enabled us to compare range declines among disparate species that belong to contrasting functional groups. This exploration is of broad botanical interest because it identifi es certain intrinsic life-history characteristics that may place certain species at risk for becoming rare. Utilizing a conservative estimate from collection and visitation records to estimate numbers of pseudoabsent and truly extinct populations, our methods permit a quantitative comparison of population loss and range contraction. Additionally, our methods for analyzing coarse-grained data from historical records should prove useful for all botanists seeking to derive information from natural history collections, whatever Insect-pollinated/Nonentomophilous species -Insect-pollinated species lost a signifi cantly higher proportion of occurrences ( Fig. 1 , Table 2 ) and showed larger declines in range area over time ( Fig. 2 , Table 2 ) than nonentomophilous species. Insect-pollinated species also occupied a marginally smaller extant range area ( Fig.  3 ) in New England than nonentomophilous taxa.
Species forming obligate symbioses vs. nonspecialistsMycorrhizal species, mycoheterotrophs, nodulating species, and hemiparasites did not differ signifi cantly from nonsymbiotic species in terms of the percentage of range area lost or extant range area in New England, but had lost marginally higher proportions of historical populations than nonsymbiotic taxa ( Table 2 ) .
Species with asexual vs. exclusively sexual modes of reproduction -Species with a capacity for vegetative spread did not differ signifi cantly from nonclonal species in any of the variables measured ( Table 2 ) .
Species with contrasting seed dispersal capacities -Species with localized seed dispersal lost proportionally more range area than animal-, wind-, or water-dispersed species ( Fig. 2 ,  Table 2 ), but did not differ from the contrasting functional group in any other variables measured.
Wetland vs. upland species -Upland species lost a significantly larger proportion of their former range areas ( Fig. 2 , Table 2 ) and a marginally higher proportion of historical populations ( Table 2 ) than wetland species. Upland species also had been recorded from signifi cantly more historical populations than wetland species ( Table 2 ) .
Species with affi nities for circumneutral soils -Calciphilic species did not differ from nonspecialists in terms of losses of occurrences or the percentage of range area lost over time. Likewise, current extents of occurrence were similar among the two groups ( Table 2 ) . mutualisms are poorly characterized for most rare plant taxa; a better understanding of the nature and importance of these mutualistic interactions would aid in designing recovery efforts.
Plant species producing seeds capable of being dispersed widely from the parent plant lost less range area over time than taxa with locally dispersed seeds ( Fig. 2 , Table 2 ), indicating that fl exible, long-range seed dispersal may enable some plants to escape local threats and establish in a broader array of habitats.
In contrast, an inability to reproduce clonally did not consistently correlate with vulnerability to local extinction or the magnitude of range constriction ( Table 2 ). This fi nding accorded with results obtained by Lahti et al. (1991) and Pocock et al. (2006) , who found that current areas of occupancy by numerous rare plant species were not explained by the capacity for clonal reproduction. Rather, these studies suggested that habitat specialization was a more important determinant of range size.
Regarding habitat affi nities, we might expect that rare plant species that are obligate or facultative inhabitants of wetlands also would have suffered drastic declines relative to terrestrial species because wetland systems have undergone precipitous rates of conversion and outright loss ( Dahl, 2000 ) . However, our analysis indicated that rare upland species have lost more populations ( Fig. 1 ) and have undergone signifi cantly larger range contractions ( Fig. 2 ) than have rare wetland species ( Table 2 ) . Quinn et al. (1994) similarly found that species of upland habitats had smaller extant ranges than those inhabiting several types of wetlands. It is possible that rigorous federal and state legislation explicitly devised to protect wetlands has recently slowed habitat degradation, allowing for recovery of some obligate wetland species ( Bedford, 1999 ) , although wetlands are only rarely protected or managed solely for their value as habitat to rare species ( Doust and Doust, 1995 ) . Alternatively, the greater imperilment of upland species could be attributable to the large proportion of upland that has been subject to massive habitat conversion over time. About half (47%) of the rare upland species we examined typically inhabit understories of mature or old-growth forests (we discuss the other 53% of upland species that typically inhabit early-successional habitats later). Recalling the land-use history of New England, in which over 80% of upland forests were cleared for agriculture from 1700 to 1900, it is not surprising that these specialist upland species their research question or hypothesis. In so doing, we can begin to identify the most imperiled plant functional groups and to develop coherent strategies for managing taxa with similar ecological affi nities and habitat requirements. Furthermore, because many of the rare taxa of New England hail from other biomes across North America ( Crins, 1997 ; NatureServe, 2007 ) , these results can inform ecological understanding and conservation practices throughout a broad geographical area.
Our fi ndings accorded with the theory that certain suites of ecological and life-history traits predispose some species to rarity and identifi ed characteristics of rare plants that may exacerbate their vulnerability. The group of insect-pollinated rare species, for example, has experienced a signifi cant reduction in numbers of populations and range size relative to wind-, water-, or self-pollinated species ( Figs. 1 , 2 , Table 2 ). Quinn et al. (1994) also found that obligately outcrossed species have smaller, more aggregated ranges than those taxa capable of self-pollination. Habitat fragmentation and population isolation demonstrably hinder plant -pollinator interactions ( Honnay et al., 2005 ) , making entomophilous species more vulnerable to the large-scale land-use changes that are taking place in New England and elsewhere. Habitat destruction has been identifi ed by professional botanists as affecting nearly 10% of rare plant populations in the region, based on direct fi eld observations (E. Farnsworth, unpublished data). Likewise, entomophilous plants may be responding to a cascade effect from local pollinator extinctions ( Kearns et al., 1998 ; Memmott et al., 2004 ; Biesmeijer et al., 2006 ; National Research Council, 2007 ) , competition with other plant species with which they share generalist pollinators ( Gibson et al., 2006 ; Vamosi et al., 2006 ) , and introduction of exotic species that compete for pollinator services ( Traveset and Richardson, 2006 ) .
Like pollination mutualisms, obligate symbioses with mycorrhizae, nodulating bacteria, and host plants also infl uence the persistence of rare plant occurrences, and their disruption results in poor recruitment and survivorship ( McCormick et al., 2004 ) . The present analysis did not fi nd systematic differences between the species dependent upon these types of specialized mutualisms and nonspecialist species. However, mutualismforming species have lost a marginally larger proportion of populations over time than nonspecialists, even though there were more records of their populations historically ( Table 2 ) . The species-specifi c and obligate vs. facultative nature of these have received much conservation attention throughout North America (Motzkin, 1994; Anderson et al., 1999 ; Mann et al., 1999 ) , and they are recognized as hotspots for diversity of rare species in New England ( Farnsworth and Ogurcak, 2006 ) . Conservation efforts made to date in these areas may be successfully protecting these species and their habitats. We found that the group of " disturbance-dependent " species (those found more commonly in early-successional or regularly disturbed upland habitats such as heathlands, coastal plain ponds, recent burns, and cliffs) did not differ signifi cantly from nonspecialists in terms of populations or range area lost ( Table 2 ). In contrast with this fi nding, competition with invasive exotic species and shading associated with succession to shrublands and woodlands frequently have been cited by botanists as severe threats to populations of New England ' s rare species, affecting over 20% of populations ( Farnsworth, 2004 ; E. Farnsworth, unpublished data) . A great deal of current management effort in the region is expended on restoring or mimicking natural disturbance processes such as fi re, fl ooding, and scour that can reset the successional clock and open new habitat for colonization by have declined due to past large-scale disruptions of their habitat ( Bellemare et al., 2002 ) . Even a century after afforestation recommenced in New England with the wholesale abandonment of agriculture, these species have not recovered; the signature of past land manipulation and the effects of fragmentation from contemporary development and tree harvesting still affect survivorship and establishment of many herbaceous upland plants ( Bellemare et al., 2002 , Cowell and Jackson 2002 ; Flinn and Vellend, 2005 ; Honnay et al., 2005 ; Kolb and Diekmann, 2005 ; Spyreas and Matthews, 2006 ) . Thus, it is critical to protect and restore upland habitats and to devise forestry practices that are compatible with the recovery and long-term maintenance of rare plant populations ( Foster et al., 2005 ) .
Interestingly, rare plants specializing on circumneutral substrates in New England did not appear to be signifi cantly more vulnerable to decline than other nonspecialist rare species ( Table 2 ) . This fi nding is somewhat surprising because circumneutral bedrock is localized in New England and habitat for strict calciphiles is apparently limiting. Such specialized natural community types, including calcareous fens and glades, Fig. 3 . Comparison of the current range area of taxa within ecological groupings, calculated as the area of the polygon inscribing known extant occurrences. Group categories, box plots, line, and P -values are as in Fig. 1 . threatened species ( Vickery and Dunwiddie, 1997 ; Litvaitis, 2003 ) . The present analysis indicated that, while targeted management to reinstate controlled disturbance may be helpful to some populations (e.g., Lezberg et al., 2006 ) , the alteration or dampening of disturbance regimes over the past century may constitute only part of a suite of larger-scale drivers of plant decline. Thus, management needs to be undertaken with caution, after a fuller understanding of landscape dynamics and species ' habitat requirements has been attained. Management trials need to be performed as controlled and replicable experiments, and the positive and negative impacts on the target rare species must be thoroughly and quantitatively described ( Schemske et al., 1994 ; Falk et al., 1996 ) .
Looking at the larger-scale, range-wide geographic context, we found that species hailing from regions south of New England have lost large proportions of populations ( Fig. 1 , Table 2 ) and a substantial proportion of their former range area ( Fig. 2 ) . Also, they currently occupy very small overall range areas in the region compared to northern and central taxa ( Fig. 3 ) . Thus, we conclude that southern species at their range margins are more at risk than northern species or those at the heart of their range in the region. These losses have occurred despite the fact that southern species were once recorded from a larger number of historic populations than northern species ( Table 2 ) . Farnsworth and Ogurcak (2006) similarly found that the overall centroid of the range of rare species generally has shifted north in New England due to the disproportionate loss of populations along the southern margin; this shift is primarily due to the elimination of southern populations, rather than a northward shift in occurrences that might refl ect changing climate. These species reach their northern range margin in some of the densest population centers in North America -the human populations of Connecticut, Massachusetts, and Rhode Island are ~10 times denser than those of the three northern New England states (U.S. Census Bureau, http://www.census.gov/). Trampling by humans and outright habitat destruction to pave the way for housing and industry have been identifi ed as primary threats to over a quarter of the populations of southern species now classifi ed as extirpated in New England (E. Farnsworth, unpublished data). Likewise, many of the species reaching their northern range limit in New England are associated with relatively open, tall-and short-grass prairie habitats that are themselves severely imperiled in their midwestern U.S. strongholds ( Table 1 ; Miller, 1989 ; Noss et al., 1995 ; Vickery and Dunwiddie, 1997 ; Mehrhoff, 2000 ) . As discussed, southern species specializing on early-successional or disturbance-prone habitats may benefi t from prudent management designed to mimic ecological processes common to prairies. However, given the prevalence of invasive species observed at certain rare plant sites in the southern New England states ( Farnsworth, 2004 ) , management to maintain early-successional habitats will have to be tailored so as not to encourage rapid invasion by exotic competitors.
Threats such as habitat alteration and invasive species typically act in concert to impact rare taxa ( Gurevitch and Padilla, 2004 ; Didham et al., 2007 ) . This regional analysis has demonstrated that concerted land protection and conservation efforts are sorely needed, particularly in the southern New England states. From an ecological perspective, however, it is important to keep in mind that many intrinsic features of rare plants, in concert with extrinsic threats, are synergistically infl uencing the persistence of populations at both local and regional scales.
